Introduction: Several rapid diagnostic tools for malaria are currently available in local markets. However, diagnostic accuracy varies widely. The present study was conducted to evaluate a cheaply and easily available rapid diagnostic malaria test (ParaHIT-f) in rural Tanzania. Methodology: Participants presenting with fever at health centers in the Kilimanjaro and Manyara regions were eligible. Parasitological thin and thick smears were examined from finger-prick blood samples and compared to ParaHIT-f test results. Sensitivity, specificity and predictive values were calculated using microscopic parasitological examination as the gold standard. Results: In total, 236/743 (31.8%) individuals had a positive malaria microscopy, and 25/715 (3.4%) were positive in the rapid diagnostic test. The sensitivity of ParaHIT-f was 10.7% (95% CI, 6.7-14.7) and specificity was 100% (95% CI, 97.4-102), with positive and negative predictive values (PPV and NPV) of 100% (95% CI, 99.1-100.2) and 70.9% (95% CI, 66.9-74.9) respectively. Sensitivity of ParaHIT-f increased with increasing P. falciparum density (P > 0.003) from 5.8% (95% CI, 0-12.9) at < 100 parasites/μl to 20.5% (95% CI, 13.5-27) at ≥ 100 parasites/μl. Conclusions: Sensitivity of the ParaHIT-f rapid test was very low in this setting, therefore concomitant use of rapid diagnostic tests and microscopy is recommended. In the case of positive test results, confirmation by parasitological techniques is not necessary. Further monitoring of ParaHIT-f in various epidemiological settings in Tanzania is warranted.
Introduction
Among the most pronounced problems in controlling the morbidity and mortality caused by malaria is the limited access to effective diagnosis in endemic areas. In these areas, malaria is commonly over-diagnosed [1] [2] [3] . In Tanzania, up to 90% of cases diagnosed as malaria in outpatient departments had no positive blood slide for malaria parasites [3, 4] . Some causes of over-diagnosis include clinical signs and symptoms that overlap with other infections [5] . As a consequence, patients presenting with fever are often presumptively diagnosed as malaria cases, without any parasitological confirmation [6] .
For effective malaria case management, timely and early diagnosis and prompt treatment (EDPT) with efficacious drugs is required. However, in most malarial endemic areas, diagnosis still relies on the use of microscopy. The technique is regarded as very old, labor intensive and furthermore, it requires significant skills, electricity and time, which cause therapeutic delays [7, 8] .
To overcome the limitations of microscopy, a number of rapid diagnostic tests (RDTs) for malaria have been developed. One of these is ParaHIT-f which is currently marketed and used for malaria diagnosis in various regions in Tanzania and other African countries [9] . The test has been evaluated in various epidemiological settings in malarial endemic areas and the results on its sensitivity, specificity, positive predictive values (PPV), and negative predictive values (NPV) vary significantly [10, 11] . For example, several studies from India and Tanzania have shown a high sensitivity and specificity of the ParaHIT-f rapid diagnostic test for diagnosis of Plasmodium falciparum malaria [9, 12] . However, we have previously shown that, in a rural Tanzanian setting, sensitivity was low [10] . Thus monitoring the performance of ParaHIT-f, which is the most commonly used and inexpensive test available for malaria diagnosis in Tanzanian markets, remains important for accurate diagnosis and timely treatment of the disease. It also reduces both the misuse of antimalarials, artemisinin-based combination therapy (ACT) and mortality, especially in young children.
The present study was therefore conducted to confirm previous findings and to evaluate the diagnostic accuracy of ParaHIT-f in two rural areas located in low to moderate malaria transmission zones and epidemic prone areas. The results of this study will help decision makers to decide whether to use this RDT for routine malaria diagnosis in health facilities.
Methodology

Study areas
This cross-sectional study was conducted from May to June 2008 in two communities with similar agro-ecosystems. Lower Moshi in the Kilimanjaro region is an area located at the base of Mount Kilimanjaro (3º21'S, 37º21'E) at an altitude of 800 meters above sea level. The area receives between 900 mm and 1200 mm of rainfall per year and is located in a holoendemic malaria transmission zone [13] . The other area, Magugu, is located in the Manyara region within the northern Great Rift Valley area (3º53'S, 35º42'E) at an altitude of 969 meters above sea level. The area receives about 1500 mm of rainfall per year. Magugu ward is located in an area with moderate malaria transmission and is prone to malaria epidemics [14] . In these two areas, malaria transmission is more intense between April and midJune to early July, and more malaria cases are reported in the same period [13, 14] . This study was conducted in June 2008 when it was transmission season. The communities within these two areas are involved in rice farming and livestock keeping.
Study population, recruitment and sampling
The study recruited patients of all age groups reporting at these two health centers with either fever (temperature > 37.5 o C), history of fever in the preceding two or three days, or symptoms suggestive of malaria. Patients were recruited serially until the sample size of 745 patients was reached (Table 1) .
All patients were attended by clinicians and after consultation were directed to seek laboratory investigation. For diagnosis of malaria, a finger-prick blood sample was collected from each consenting patient. This sample was used to prepare thin and thick smears, which were dried at room temperature and stained with Giemsa following World Health Organization (WHO) standards [15] . All slides obtained were examined by two independent, experienced microscopists blinded to the clinical status of the patients and the results of RDTs. Parasitemia was determined from the thick films by counting the number of parasites against 200 leucocytes and assuming that each subject had 8000 leucocytes/μl. The thin smears served to identify malaria parasite species [15] to be negative when no parasites were observed after counting 200 white blood cells in different fields. All discordant slides and 15% of randomly selected slides were re-examined by a third expert for quality control.
The ParaHIT-f test (Span diagnostic Ltd, Udhna, Surat-394210, India) was performed per the manufacturer's instructions [16] . This test detects P. falciparum in whole blood, based upon an antigen capture assay detecting the P. falciparum-specific histidine-rich protein II. Thus, it does not cross-react with other malaria parasites. The test is based upon immunochromatographic test strips and does not require any specialized skills. Briefly, about 5 µL of blood was applied on the test kit and 200 µL of the reaction buffer was added. The standard reading time was between 15 and 30 minutes.
Patients diagnosed with malaria by ParaHIT-f and microscopy were treated according to national guidelines for the treatment of malaria using combination therapy (Artemether and Lumefantrine).
Ethical considerations
This study was approved by the institutional Ethical Review Committee of the Tropical Pesticides Research Institute, Arusha, Tanzania. Written consent was obtained from patients and in the case of children from their parents or guardians.
Data analysis and management
Data were entered and verified using MS-Access, and analyzed using STATA software (Stata Corp, College Station, TX, USA). Specificity, sensitivity and predictive values of ParaHIT-f and their respective 95% confidence intervals were estimated using microscopy as the reference diagnosis (gold standard) [14] . ParaHIT-f was also tested across different parasitemia levels. Parasitemia was categorized as either low ( < 100 parasites/µl) or high ( ≥ 100 parasites/µl).
Results
A total of 745 patients were recruited in this study, 403 (54.1%) of whom were females. The mean age was 20.1 ± 20.3 and the median age was 14 years (range 12 weeks to 84 years).
A total of 236 (31.8%, 95%CI, 25.8-37.8) out of 743 patients had positive thick films for P. falciparum (two patients were omitted during analysis due to missing slide results). The asexual parasite density ranged from 40 to 14,680 parasites/μl. Discrepancies were found between the results of the first and second microscopist in 20/743 slides; hence the level of agreement between readers was 97.3%.
The ParaHIT-f rapid diagnostic test (RDT) detected malaria infections in 25 (3.5%, 95% CI, 0-10.6) out of 715 patients (30 patients were omitted due to missing results as they refused consent for the rapid diagnostic test).
Sensitivity of the RDT was < 11%, but specificity was high with no false positive results. The overall sensitivity, specificity, positive predictive (PPV) and negative predictive values (NPV) of ParaHIT-f using microscopy as the gold standard are presented in Table 2 . Sensitivity increased from 6% to 21% with increasing parasite density (P < 0.003; Table 2 ).
Discussion
For effective malaria case management in endemic areas, timely and accurate diagnosis is required to reduce mortality, especially for individuals with low immunity such as young children [15] . The use of a good RDT, therefore, can make possible early and accurate diagnosis, which will lead to appropriate and timely treatment [17] . However, the poor sensitivity of most of the inexpensive RDTs that are available, such as ParaHIT-f, may hinder their reliability or utilization for malaria diagnosis in areas where microscopy is not available.
In the present study, the overall sensitivity of ParaHIT-f was low (10.7%). A similarly low sensitivity of the same test (9.6%) has been recorded in the Philippines, and a sensitivity of 29.8% to P. falciparum was reported from a holoendemic area of Tanzania in previous studies [10, 17] . The observed results were inconsistent with those from similar studies in India and Tanzania, which have reported high sensitivity of the test raging from 70% -97% in different epidemiological settings [9, 10, 18, 19] . It appears that the sensitivity of this test varies widely from one ecological setting to another [10, 11, 16, 17] . Importantly, the poor sensitivity of the locally available ParaHIT-f in the market may have serious implications on the management of malaria cases and may lead to delays in the proper administration of anti-malaria drugs to patients. On the other hand, the value of the ParaHIT-f specificity observed in the present study is consistent with the results of other studies conducted elsewhere [10, 11, 16, 17] . The specificity appears to be consistent from various areas ranging from 75% to 100% [10, 11, 16, 17] . The high specificity of the test is important for identification and differentiation of malaria parasites species; thus a positive test result would not need microscopic confirmation.
In the present study, ParaHIT-f sensitivity increased considerably with parasite density, from 6% to 21%. The WHO recommends a sensitivity of 95% at a parasitemia of 100 parasites/μl as a target for RDT performance [20] ; however, this investigation found unexplained poor sensitivity of the test at different levels of parasitemia as compared to WHO recommendations [20] and the results of other reports [10, 17] . Similar observations to ours have been reported from elsewhere [17, 21, 22] .
The poor performance of ParaHIT-f may be attributed to the end user as a result of poor storage, transportation and other possible causes described elsewhere [17] . A particular concern here is the poor sensitivity of ParaHIT-f in detecting patients with low parasitemia; this has serious implications on malaria case management, especially in areas where treatment decisions are based on the RDT results. The use of ParaHIT-f in areas with low to moderate malaria transmission is of limited use because in these areas most of the patients may present with low parasitemia which cannot be detected by the test. This may have a serious impact on patients; for instance, children may develop cerebral malaria as a result of delays in starting treatment.
This study has several limitations which could have affected the findings; for example, a fixed number of RDTs was used (745). Furthermore, because of financial constraints, the study was completed in a short period of time and therefore a very short time was taken to assess the relevant population. Future studies should be conducted to assess the stability and reliability of these RDTs in different weather conditions and storage facilities.
Conclusion
Our data showed that in a setting with low to moderate transmission in rural Tanzania, the sensitivity of ParaHIT-f was low. We recommend the test to be used in conjunction with microscopy to improve diagnosis of malaria in these settings where mixed infections might be the source of malaria rather than P. falciparum alone.
